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© Hydrocarbon purification. 

© Diolefms present in minor amounts in hydrocarbon feed 
streams containing other unsaturated hydrocarbons, especi- 
ally mono-olef.ns, are selectively converted to monb-olefins 
by hydrogenation over a steam active catalyst comprising a 
Group VIII metal, at least one of lead, tin and germanium, and 
8 support, such as zinc aluminate. 
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^yppnrAP^nw PURIFICATIOK 
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rel.t«« to the selective hydrogen.tion of a diolefm, sue. 

alter.tion of the .ono-ole£i*ic hvdrocrhon. present m the .ttu. hj 
^ -a o cuiyst cont.inrn g pUtinu., tin end . support, such 
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tt ..t.«nt Of other rnpuriti.. present in uns.tux.ted h r droc.rhou™ 

Lh .. suXfur - ~~ ^ f^e tin. 

.identified purities »hich 

specifically relates to a process for purifying l 4 7 

e o i-butene-containing streams. .,...„ 
e.g., i ouwc. variety of materials differing 

In petroleum processing, a wide variety 
• v, 0 ri*in are found in petroleum streams. Tor example, as 

appreciably as to origin are roun Mtrole ™ streams have been 

a result of various processing steps certain petroleum s 
; fe und to contain unsaturated contaminants which need to 
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to further processing of the streams. The elimination of such materials 
from such streams generally involves a plurality of steps each affecting 
one or more of such materials in a manner to simplify their subsequent 
removal from the stock. 

In the vorking-up of products obtained by the conversion of 
hydrocarbon oils, fractions are produced that contain primarily 
hydrocarbon, such as n-butane, n-butene-1, cis-butene-2, trans-butene-2, 
and 1,3-butadiene. Further fractionation will result in fractions 
consisting principally of butenes, butane and small quantities of 
butadiene. Other separation of the butadiene by fractionation, for 
example, is unrewarding but its presence interferes with the general use 
of these products. 

Many different materials have been employed as catalysts for 
the hydrogenation of various feedstocks in these processes. However, the 
reaction rate and conversion are frequently not as high as would be 
desirable. Accordingly, there is a continuing search for catalyst 
materials which will improve the reaction rate and/or conversion level of 
these processes. 

Accordingly, an object of this invention is to provide a 
process for the selective removal of contaminants from hydrocarbon 
streams. 

Another object of this invention is to provide a new and 
improved process for the hydrogenation of unsaturated compounds. 

Still another object of this invention is to provide a process 
for the selective hydrogenation of diolefins in commercial streams 
containing other unsaturated hydrocarbons. 

A further object of this invention is to provide a catalyst 
effective for the selective hydrogenation of contaminants present in 
unsaturated hydrocarbon streams. 

Other objects, aspects, as well as the several advantages of 
the invention will be apparent to those skilled in the art upon reading 
the specification and the appended claims. 
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The hydrocarbon streams which can be subjected to the process 
of the invention for hydro treatment of impurities include any olefinic 
hydrocarbon-containing stream, especially mono-olef ins , which are 
normally bydrogenatible. A typical stream that is subjected to 
5 hydrogenation for removal of unsaturated contaminants according to the 
invention comprises a butadiene-containing hydrocarbon mixture which 
contains, for example, butene-1, cis-, and trans-butene-2, n-butane, 
isobutene and isobutane having a content of butadiene of up to 
approximately 5 mole percent. Small quantities of other hydrocarbons, 

10 for example, and hydrocarbons can also be present. If small 
quantities of acetylene, such as ethyl or vinylacetylene or compounds 
with cumulative double bonds, such as propadiene or butadiene-1 ,2 are 
present, they will be hydrogenated together with the 1,3-butadiene. 

In order to carry out the hydrogenation, hydrogen must be added 

15 to the mixture unless it is already present. The quantity of hydrogen 
required depends on the content of 1,3-butadiene or the compounds to be 
hydrogenated and must be at least equimolar to them, but can also be a 
multiple thereof, for example, 5 or 10 times molarwise. Preferably, 
hydrogen is introduced at a rate which provides a hydrogen to feed molar 

20 ratio of from about 0.1 to 1 to about 5 to 1. 

The selectivity of the process and catalyst of this invention 
can be improved by incorporating steam along with the feed stock or by 
separate introduction into the reaction zone. The steam to hydrocarbon 
feed molar ratio will range from about 3 to 1 to about 6 to 1 . Steam can 

25 be introduced with the feed stock or with hydrogen or it can be 
separately introduced. 

The conditions under which the method of this invention is 
employed can vary widely. Generally, the reaction is conducted by 
passing the hydrocarbon stream as a vapor with hydrogen and steam into 

30 contact with catalyst, the reaction zone being maintained at a 

temperature from about 400°F to about 700°F, preferably about 500-700°F 
at a pressure from about 30 to about 60 psig. The hydrocarbon stream is 
passed in contact with the catalyst at a rate sufficient to provide a 
liquid hourly space velocity (LHSV) of from about 6 to about 10. 
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lead, tin and germanium. The co-promoter when employed will be typically 
used „ the range of 0.01 to 10 parts by weight and frequently in a range 
of 0.1 to 4 parts by weight of co-promoter per 100 parts by weight of 
support. The co-promoter metals can be employed as chemical compounds 
5 such as ha ii deS) nitrates, oxylates, acetates, carbonates, propionates 
tartrates, bromates, chlorates, oxides, hydroxides, etc. Among the 
co-promoters, tin is the preferred metal and conveniently and effectively 
stannous halides can be utilized. 

The catalyst used in the processes of this invention are 
obtained by known methods such as impregnation of the support with the 
metal compounds. The compounds employed should be such that upon 
calcination of the catalyst no significant amount of extraneous material 
remaxns on the catalyst, particularly no further metals which would 
interfere with the catalytic process envisaged. 

The preferred catalyst useful in the processes of this 
invention is a catalyst comprising platinum on zinc aluminate 
particularly and preferably zinc aluminate spinel. Most preferably the 
catalyst is co-promoted with tin. Thus, the most preferred catalyst of 
tins invention consists essentially of 2 inc aluminate spinel, platinum 
and tin. One typical catalyst can contain about 0.1 to about 5 parts by 
weight of a zinc aluminate spinel support. 
Specific Examp le 

A commercially produced dehydrogenated product comprising C 
hydrocarbons was subjected to selective hydrogenation in the presence of 
25 the inventive catalyst to selectively remove diolefins, such as 

butadiene, from the ^ hydrocarbon feed mixture. The C, hydrocarbon 
mixture containing butenes, butane and butadiene in particular, was 
passed through a hydrogenation reactor at an LHSV of 8 over a catalyst 
bed comprising 0.6 percent platinum and 1% tin on a zinc aluminate 
30 support. The steam to hydrocarbon molar ratio was 5 to 1, and the 
hydrogenation pressure was 50 psig. The hydrogenation temperature was 
about 500°F. 
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The following results were obtained. 

TABLEJ. 

Steam Active Bvdrogenation 

Reforming rJKSvSctor * eactot 

(STARS) Reactor Affluent £ 

5 Fee * - ___ J5 oU |r75 

^52£H£Bt YoTT 34,7 tr 

n -butane xuu tr 7&1 

isobutene 7.49 ^ ^ 

10 n-butene-1 9.04 ? ' 33 

t-butene-Z 7.03 q lQ 

c-butene-2 0.10 

carbon monoxide 3. 01 ^ ^ 

carbon dioxide 1.82 Q * 3B 



15 methane 

ethane (and Q &5 

(ethylene) 0.65 Q 32 

propane 0.32 <l00 ppm 

propylene 1.02 o.04 

20 butadiene 0.04 

pentanes plus 0.08 

(as hexanes) 0.08 ^ 27 
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isobutane 34.28 IOOTOO 

TOO l0O - O te n t was reduced fro* 1.02 
Total 1U - ^ butadiene content vas 

In this example thebutadx ^ and 

weight percent to less than 100 ' » y ison , etiz ation were 

simultaneous low huteae u,on £ot Ration of 

demonstrated. In this run, optxmxzatx hydr0g enation 
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Claims 



1 

1 . A process for selectively hydrogenating diolef ins present 
as impurities in hydrocarbon feed streams containing 
other unsaturated hydrocarbons characterized 

5 by contacting the feed with hydrogen in the presence 

of a catalyst comprising a Group VIII metal, at least one 
of lead, tin and germanium, and & support to obtain a 
hydrocarbon feed stream wherein the diolef ins are selec- 
tively hydrogenated without substantial hydrogenation or 

0 isomerization of the other unsaturated hydrocarbons pre- 
sent din the feed. 



2. The process of claim 1 characterized in that the catalyst 
comprises platinum, tin and zinc aluminate. 

15 

3. The process of claim 1 or 2 characterized in that said 
contacting temperature ranges from 204 to 371 °C, pre- 
ferably wherein the contacting temperature ranges from 
260 to 371°C. 

20 

4 • The process of any of the preceding claims characterized 
in that said contacting is carried out in the presence 
of steam, preferably at a mole ratio of steam to hydro- 
carbon ranging from 3:1. to 6:1. 
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1 5. The process of any oj. r 
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butene-1 . 
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of anv of the preceding claims characterized 
7 . The process of any of the P ^ an 

in that hydrogen is present in the f 

amount to ^ Tenants present in 
hydrogenate butadiene and other c 



the feed material. 



ol.fi. comprising butadiene » ^ ^ hydro . 

passing said stream comprising * lower tem . 

gen over the same steam active catalyst 
20 perature and shorter r"^*-^... is hyd rogena- 
g enation whereby the — ^ alteration as by 
ted to butenes without butenes presen t in 

hydrogenation or isomerization of the 

the feed. 

2& , • ft characterized in that the catalyst 

9 . The process of claim 8 ^racter ^ ^ ^ i 

used for hydrogenation is as tion condit ions 

and 2; in particular wherein the hya g 

are as defined in any of claims 3, 4 and 7. 

30 , , ,™ 8 or 9 characterized in that the 

10. The process of claim 8 or c ^ 
catalyst used for dehydrogenation is 

used for hydrogenation. 
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